Introduction
This study is a continuation of previous works [1, 2] where the solubility of some HFCs in volatile organic solvents (alcohols and aromatic solvents) was measured and correlated with the CPA EoS, to investigate the effect of association/solvation between solute and solvent molecules. Here, the solubility of CHF 3 ) was determined as a function of temperature at atmospheric pressure, using a volumetric method with an automated apparatus [3] .
The HFCs belong to an important class of compounds with industrial and household applications and they have been developed as alternative compounds due to the environmental concern of chlorofluorocarbons and hydrochlorofluorocarbons. Room temperature ionic liquids (RTILs) appear as a new type of solvents, in a class of substances belonging to molten salts with low melting points ( 100 ºC) [4, 5] and non detectable vapour pressure. They are solely constituted by large organic cations like ammonium, imidazolium, phosphonium or pyridinium ions combined with organic or inorganic anions of smaller size and more symmetrical shape [6] . Their properties can be tuned by changing the ions according to the desired properties, from a very large set of possible combinations [7] . They possess numerous potential applications, replacing in some cases conventional volatile organic solvents while providing novel features in the application. Fundamental knowledge of the thermophysical properties of their mixtures with various chemicals is therefore critically important and needed, including the solubility of various compounds in ionic liquids (ILs). Due to the very large number of possible ILs, it is necessary to develop predictive and correlative models able to describe behaviours and properties based on experimental measurements of selected systems.
Yokozeki, Shiflett and co-workers have determined the solubility of various compounds such as HFCs in various RTILs . They used a generic Redlich-Kwong type of cubic EoS [30] , with a modified van der Waals-Berthelot mixing rule and critical properties of ILs estimated by Vetere's 4 method [31] . Systems studied by this group include CO 2 in several different Ils [8] [9] [10] [11] [12] , hydrofluorocarbons and hydrofluoroethers in some Ils [13] [14] [15] [16] , ammonia mixtures with Ils [17, 18] [23] , and H 2 S [24, 25] . The authors present most of their results in graphical form and conclude that the model yields a good correlation of the experimental values. The same group later used a generic van der Waals EoS to model the solubility of gases CO 2 , HFC-134a, SO 2 and NH 3 in several imidazolium-based ILs [32] .
Based on their results, as well as those in their previous studies, they conclude that all ' modified EoS work equally well for modelling PTx phase equilibria (solubility). In the present work, the observed solubility values are analyzed by a predictive model based on a cubic plus association equation of state (CPA EoS) to verify the accuracy of the CPA equation of state for description of the solubility data. The CPA EoS proposed by Kontogeorgis and co-workers [33] has been developed and applied to diverse systems since 1995, allowing a good description of phase behaviour with both associating and/or non-associating components. Later, a semi-empirical model based on the Regular Solution Theory (RST) is also adjusted to the experimental data. The goal of this modelling approach is to obtain a simple correlative model that can be readily used in process/product design.
Experimental
The experimental technique used in this work is based on a volumetric method. The apparatus used for the determination of solubility was described in detail elsewhere [3] . The principle of the apparatus is to bring an accurately known volume of solvent into contact with a known volume of gas at a given temperature and pressure. After the equilibrium is attained, the change in the gas volume yields the amount of gas dissolved in the liquid and hence the solubility. All RTILs and HFCs studied 5 in this work are presented in 
Calculations and modelling

Gas solubility calculations
The procedure to estimate the mole fraction solubility of HFCs in RTILs ( 2 x ) from experimental data is essentially similar to the ones adopted in earlier works [3, 34] . The amount in moles ( G n ) and the volume of gas displaced due to dissolution ( V ) can be related through a second-order truncated virial equation of state
where the molar volume of the gas mixture,
with
G n as the total amount of gas absorbed. P is the total pressure of gas; R is the universal gas constant; T is the temperature and mix B is the second virial coefficient of the binary mixture:
Here 1 y and 2 y are the mole fraction composition in the vapour phase. The subscripts 1 and 2 represent the liquid solvent (RTIL) and the gas solute (HFC), respectively. 11 ( ) B T , 22 ( ) B T and 12 ( ) B T are the second virial coefficients of pure components 1 and 2, and the second cross coefficient, respectively.
The calculations are simplified due to the extremely low vapour pressure of the RTILs ( 10 Pa), compared to the atmospheric pressure at which the experiences are performed and for the temperature 6 range studied. Therefore, the RTILs are taken as strictly non-volatile solvents and consequently 2 
The parameters i c of Eq. 4 for each HFC were retrieved from [35] . The solvent number of moles 1 n , in turn, is evaluated from the difference of total solution mass s m and the mass of solute 2 2 n M at the end of each experiment:
Finally, 2 x is straight forwardly given by 2 2 1 2 = /( ) x n n n .
Gas solubility modelling
When the gas comes in contact with the liquid it dissolves partially in the latter. This process involves a change of enthalpy and entropy along with a decrease in gas volume until an equilibrium state is reached. In mathematical terms, the gas-liquid equilibrium condition for the solute can be expressed by a first-order condition (iso-fugacity) of Gibbs function, In the former, a cubic-plus-association equation of state (CPA EoS) is used to model the equilibria.
In this case, the solute solubilities are estimated using only solute and solvent pure physical properties.
In this approach, the goal is to assess the capability of CPA EoS to be used as a tool for a more qualitative studies such as solvent screening. In the latter, the Regular Solution Theory (RST) provides 7 theoretical background to build a semi-empirical model whose parameters are estimated through experimental data fitting. The objective here is to obtain simple mathematical expressions which can be readily used to predict solubilities. Both these approaches are described next.
CPA model
When an EoS is used, the liquid fugacity 2 L f is expressed by Eq. 6a and the gas fugacity 2 G f by Eq.
6b. To determine the fugacity coefficients of gas 2 G and liquid 2 L , the CPA EoS is applied.
The Cubic-Plus-Association (CPA) EoS proposed by Kontogeorgis et al. [36] can be expressed in terms of the compressibility factor Z which combines the simplicity of a cubic equation of state, the Soave-Redlich-Kwong (SRK EoS), that takes into account the physical interactions between the components, and an advanced associating term described by the Wertheim theory, which accounts for the specific association parameters [37] [38] [39] :
Here a, b and are the energy parameter, co-volume parameter and the molar density,
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The model has two additional pure compound parameters for associating compounds, the 
OF =
When CPA is extended to mixtures, the energy and co-volume parameters of the physical term are calculated applying the conventional van der Waals one-fluid mixing rules: 
When dealing with mixtures containing associating molecules, the association term of the CPA EoS, requires combining rules for the association energy and volume parameters [33] , in order to calculate the value of the association strength in Eq. 9. Over the last years various combining rules have been investigated [41, 42] . The Elliott combination rule is used in the present work:
To account for solvation, Folas et al. [43] suggested the modified CR-1 rule (mCR-1):
A RST-based correlative model
The RST was developed to model solutions that behave almost as regular solutions, i.e., have vanishing excess entropy and excess volume of mixing at constant temperature and pressure. In these cases, the isothermal dissolution of a gas can be conceptualized as a two-step process. First the gas solvent 1 with its partial Gibbs energy. Hence [44] . Following this reasoning, the solute liquid fugacity is expressed by:
If the Scatchard-Hildebrand equation is applied for 2 : Although originally RST was conceived for non-electrolytes solutions, it has been applied with success to estimate the solubility of simple gases in Ils [45] [46] [47] [48] [49] . As pointed out by Scovazzo et al. [46] , the electrolyte character of the solutions containing ILs is dependent whether the Coulombic or van der Waals forces are predominant. In this work, it is assumed that short-range forces dominate and this hypothesis will be tested by assessing whether the RST model can explain the relative solubility of HFCs in RTILs.
Manipulating Eq. 15 we define the Henry's constant of the gas 21 H as:
It must be noted that 21 H above differs from the classical definition of Henry's constant
where for a binary mixture it depends on the temperature and pressure but not on the mole fraction [50, chap. 10] . Combining Eq. 16 and 17 and assuming that the entropic or combinatorial effects are approximately constant for a specific gas, we obtain:
The parameters D and E are only function of the solute and are estimated from a least-squares fit of The experimental values for 2 are listed in table 2. The values for 1 are estimated using a similar approach as the one described in Camper et al. [47] . They assume that the lattice structures of RTILs share similarities with the molten salts and then use the results of Takamatsu [51] to estimate 1 : E for the semi-empirical model of Eq. 18 are presented and discussed for each binary system studied.
The gas fugacity coefficient ( 2 G ) in Eq. 6b is now calculated using a virial equation of state:
[ 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 [26] found large solubility differences between ionic liquids with fluorinated anions (higher solubility for CH 2 F 2 ) and non-fluorinated anions (lower solubility for CH 2 found in aromatic solvents. For CH 2 F 2 , the solubilities in ammonium based RTILs are slightly higher than those in lower alcohols and aromatic solvents. Finally, for CH 3 F it was found that the solubilities in lower alcohols were lower than both in aromatic and ammonium based RTILs solvents.
Results and discussion
Experimental results
[ Table 3 about here.]
CPA EoS model
The HFCs studied in this paper were treated as non-associating compounds, while the ILs were treated as non-associating and also as association compounds with a two-site (2B) scheme. Parameters for the pure component CPA were proposed in Sousa et al. [2] for HFCs, Maia et al. [52] [ 
[m-2-HEA][Pr]; and [m-2-HEA][P]
, liquid density data for these ILs were obtained in the literature [54] . As no vapour pressure data could be found for these ammonium ILs, it was assumed that in the reduced temperature range between 0.40 and 0.60, the vapour pressures could be described by the Table 4 along with the absolute average deviations (AAD) calculated for vapour pressures P and molar densities liq. after minimization of Eq. 11.
[ Table 4 about here.]
Prediction of the HFCs solubilities in the ILs was carried out using the estimated pure component parameters in the CPA EoS, without the ij k binary interaction parameters (prediction), considering two schemes for the ILs: NA (non-associating) and the 2B (two-association sites).
[ Table 5 [ Table 7 lists the parameters of Eq. 18 obtained after least-squares fitting. Significant errors are observed when predicting the influence of temperature in HFC solubilities. This results from the fact that as temperature increases, Eq. 18 predicts an increasing in the solubilities while experimentally the opposite behaviour is observed. Therefore, while the RST model is able to predict the relative solubility among solvents, it fails to describe the solubilities change with temperature.
RST-based model
[ 
Conclusions
This paper reports data on the solubility of HFCs (CHF 3 , CH 2 F 2 and CH 3 F) in four RTIL solvents were then modelled using two approaches named as predictive and correlative.
In the first, the CPA EoS was applied for the prediction (without ij k binary interaction parameters) of HFCs solubilities in ionic liquids. According to the results, CPA EoS was able to predict in a qualitative way the solubilities between HFC-RTIL systems, by predicting the relative solubility of 16 HFC in IL in the correct order. Therefore, the CPA EoS can be a useful tool to screen other ILs of interest to dissolve HFCs. Also we conclude that there is no clear advantage in considering association in the ionic liquids for describing either their pure component properties or the HFCs solubilities in the presented ILs systems.
In the second approach, a semi-empirical model based on RST was adjusted to experimental data.
Results show that, although this model fails to predict the influence of the temperature in solubilities, it predicts the relative solubilities between HFC-RTIL systems at a given reference temperature (288.15 K). It was also found that solubilities increased as the difference square between solubility parameters of HFC and RTIL decreases. Although this conclusion is in agreement with previous works [45, 47] , it does not hold for other common solvents, like aromatic and lower alcohols studied in previous works [1, 2] . Later in this approach, a combinatorial term in a Margules-like form, was introduced in the initial RST-based model to account for entropic effects. The resulting model gave a better quantitative description of the experimental data with AAD( 2 x ) values around 5 %. 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 21 x using the predictive model in Eqs. (7) and (17) ( ) and the correlative model of Eqs. (17), (21) and (22) x using the predictive model in Eqs. (7) and (17) ( ) and the correlative model of Eqs. (17), (21) and (22) x using the predictive model in Eqs. (7) and (17) ( ) and the correlative model of Eqs. (17), (21) and (22) 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 22 Tables   Table 1. Compounds used in this work. (prediction) for HFC-IL systems when compound is treated as non-association (NA) or as association with a two-site scheme (2B). 
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